The J P = 0 − radial excitation 
I. INTRODUCTION
The lowest lying 1S and 1P excited D and D s states are believed established [1, 2] . In recent years, more and more higher excited D and D s resonances have been observed though some of them have not been identified. Study of their spectroscopy, production and decay will be helpful for their identification and quark dynamics.
For D resonances, D(2550), D * (2600), D(2750) and D * (2760) were observed in inclusive e + e − and pp collisions by BaBar [3] and LHCb [4] collaborations, respectively. D * (2760) was subsequently found consisting of D * 1 (2760) and D * 3 (2760) [5, 6] . For D s resonances, D * s1 (2700) and D * sJ (2860) were observed by Belle [7] and BaBar [8] collaborations. D * sJ (2860) was also found consisting of D * s1 (2860) and D * s3 (2860) [9, 10] . According to Refs. [11] [12] [13] [14] [15] [16] [17] [18] [19] [20] , we have a tentative assignment of these D and D s resonances given in Table I When these highly excited D and D s resonances are examined, it is interesting to note that the masses of 2 ) and (J P = 2 − , j q = 5 2 ), respectively. D(2550) was suggested as the J P = 0 − radial excitation D(2 1 S 0 ) [11, 12, 15, 16] , and D(2750) was suggested as the J P = 2 − admixture of D(1 1 D 2 ) and D(1 3 D 2 ) [12, 14, 16] . Therefore, the two missing D s are expected to have J P = 0 − and J P = 2 − . In this paper, the D s (2 1 S 0 ) with mass around 2650 MeV will be * Corresponding author: zhangal@staff.shu.edu.cn 
denoted as D s (2650) and be studied. The J P = 2 − D s resonance will not be addressed for an unclear mixing.
In 2600 ∼ 2700 MeV energy region, a surprisingly narrow charmed strange state, D + sJ (2632), was first reported by SELEX [21] 
was observed with mass M = 2632.5 ± 1.7 MeV and Γ < 17 MeV. In particular, it has an exotic relative branching ratio Γ(D 0 K + )/Γ(D + s η) = 0.14 ± 0.06. However, subsequent search for D + sJ (2632) by BaBar [22] , FOCUS or BELLE has not found any evidence.
Since the report of D + sJ (2632), there appear many interpretations of this state. In Refs. [23] [24] [25] , D + sJ (2632) was interpreted as the J P = 1 − first radial excitation of D * s (2112). The special decay manner was attributed to the node structure of the wave functions in Ref. [23] or to the couple channels effect in Ref. [25] . However, the as-
was pointed out impossible in Refs. [26, 27] , and the assignment of D + sJ (2632) with D s (1 3 D 1 ) was advocated in Refs. [27, 28] . In the frame of heavy quark effective theory (HQET) sum rule [29] , it was pointed out that D + sJ (2632) was unlikely to be a conventional orbitally higher excited cs resonance. D + sJ (2632) was alternatively interpreted as a fourquark state in Refs. [30] [31] [32] . The narrow width and exotic decay manner were interpreted in this assignment. However, the predicted partners and more decay channels of D + sJ (2632) have not been observed. In Refs. [24, 33] , the authors concluded that D + sJ (2632) was an experimental artefact.
The 3 P 0 model is a phenomenological method first put forth by Micu [34] and subsequently developed by Yaouanc et al. [35] [36] [37] . It has been employed successfully to explore Okubo-Zweig-Iizuka-allowed (OZIallowed) hadronic decays of hadrons. Hadronic decays of the J P = 0 − radial excitation D s with M = 2673 MeV and M = 2650 MeV have been explored in the 3 P 0 model [12, 38] , but the hadronic production of this missing D s (2650) from higher excited resonances has not been explored. As that in Refs. [18, 19] , it is interesting to explore the hadronic production of D s (2650) from higher excited resonances.
As 
II.
3 P0 MODEL Among models for hadronic decays, the 3 P 0 model is popularly known as a quark-pair creation (QPC) model. Since the propose of 3 P 0 model [34] [35] [36] [37] , it has been extensively applied to mesons and baryons with success. To proceed with a practical computation, the formula in Refs. [19, 39] are presented. In the 3 P 0 model, the hadronic decay width of A → BC is
where p is the momentum of the final mesons B and C in the initial meson A's center-of-mass frame
and M JL is the partial wave amplitude of A → BC. The partial wave amplitude M JL is obtained from the helicity amplitude M MJ A MJ B MJ C in terms of the JacobWick formula as follows
where
The helicity amplitude reads
where p B and p C ( p B =-p C = p) are the momenta of final mesons B and C in A's center-of-mass frame, respectively. γ is a phenomenological parameter, which indicates the strength of the quark-pair creation from the vacuum. I
with a relative momentum of quark i and quark j:
are simple harmonic oscillator (SHO) wave functions for the mesons, and y 1m ( k) = | k|Y 1m (Ω) is the solid harmonic polynomial of the created P-wave quark pair.
In terms of 9j symbols [37] , the flavor matrix element reads
where I i (i = 1, 2, 3, 4) is the isospin of the four u, d, s or c quark. I A , I B and I C are the isospins of the mesons A, B and C, respectively. I The spin matrix element reads
With these formula in hand, we proceed with our calculation. In the practical calculation, the parameters have been employed as follows. The masses of the constituent quarks are taken to be, m c = 1628 MeV, m u = m d = 220 MeV, and m s = 419 MeV [12] . The masses and the effective scale parameters β of relevant mesons are presented in Table II [1, 12] , where a common value β = 0.4 GeV is employed for all light flavor mesons. For resonances included in PDG, their masses in PDG are employed (unlike those in Ref. [12] ), while for resonances not included in PDG or not observed by experiment, their masses and β are taken from Ref. [12] . γ = 6.95 is employed in this paper, where γ is √ 96π times as the γ = 0.4 adopted in Ref. [12] for a different definition. The meson flavor follows the convention [12] :
III. HADRONIC DECAYS
A. Ds(2650)
Two possible hadronic decay channels and partial decay widths of the J P = 0 − radial excitation D s with M = 2650 MeV (D s (2650)) were calculated in the 3 P 0 model [38] :
MeV, the partial decay widths become [38] :
MeV. In Ref. [12] , the results were improved as follows 
The masses of D s (3P ) are employed as follows [12] : [12] . The final decay widths are given in Tables IV-VII. All the four D s (3P ) resonances have large total decay widths, which are larger than those in Ref. [12] .
From Table IV In
The partial and total decay widths are given in Table VIII .
In the case of a D s (2 3 S 1 ), we have the following ratios:
In the case of a D s (1 3 D 1 ), we have the following ratios: 
Obviously, the decay manner of D + sJ (2632) is different in different assignments. In fact, this decay manner can be employed to distinguish D s (2
In particular, the estimated ratios
, 5.02 and 7.90, are much larger than the observed 0.14 ± 0.06. Obviously, D + sJ (2632) cannot be a conventional charmed strange cs meson.
IV. CONCLUSIONS AND DISCUSSIONS
The missing Hadronic decays of D s (3P ) have been studied. All the hadronic decay channels are given, and the decay 
widths have been estimated. The four D s (3P ) resonances have large total decay widths. The dominant decay channels of D s (3 
